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ABSTRACT 
 
One of the most important functions of blood is to solubilize and distribute oxygen within the body.  
As such, it is vital that this property is replicated (safely) by any artificial blood product.   In this 
paper, we describe the facile synthesis of a series of simple diblock polymers capable of self-
assembling into micellar structures at concentrations around 3×10-3 mg/mL.  Using a dissolved 
oxygen meter, we were able to demonstrate that aqueous solutions of these aggregated structures 
could retain oxygen and release it (into the aqueous bulk phase).  The increased oxygen retention was 
quantified by measuring the rate of oxygen release and its half-life.  These experiments indicated that 
oxygen retention/binding was dependent on the fluorine concentration. 19F NMR experiments on a 
micellar solution saturated with oxygen showed small upfield shifts in the fluorine peaks, which 
provided qualitative evidence that indicated oxygen binding occurred within the fluorine region of 
the polymer aggregates. Using a modified enzyme/glucose oxidation assay, we were able to establish 
that the aqueous oxygen concentrations were 33% higher in a solution of polymer. 
KEY WORDS 
Amphiphilic fluorine co-polymer, micelle, artificial blood, oxygen binding/release. 
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,1752'8&7,21 
2[\JHQPDNHVXSQHDUO\RIDLUDQGLVDXVHIXOJDVHRXVUHDJHQWZLWKLQWKHFKHPLFDOLQGXVWU\12
2[\JHQLVDOVRLQGLVSHQVDEOHWRWKHOLIHRIDOORIKXPDQWLVVXHVDQGLVWUDQVSRUWHGDURXQGWKHERG\E\
EORRG36SHFLILFDOO\R[\JHQLVERXQGWRRQHRIIRXUFHQWUDOSRUSK\ULQPDFURF\FOHVKHOGZLWKLQWKH
JOREXODUSURWHLQKHPRJORELQZKLFKLVFRQWDLQHGZLWKLQUHGEORRGFHOOV%ORRGORVVFDQEHIDWDODQG
UDSLGUHSODFHPHQWDQGUHVWRUDWLRQRIR[\JHQWUDQVSRUWLVRIWHQWKHILUVWWKLQJUHTXLUHGLQDPHGLFDO
HPHUJHQF\7UDGLWLRQDOO\WKLVLVDFKLHYHGXVLQJWUDQVIXVLRQRIGRQDWHGEORRGEXWWKLVLVH[SHQVLYH
KDV SUREOHPV ZLWK FRQWDPLQDWLRQVWRUDJH DQG LV QRW SUDFWLFDO RU LGHDO LQ D FKDOOHQJLQJ WUDXPD
VLWXDWLRQLHWKHVFHQHRIDQDFFLGHQWQDWXUDOGLVDVWHURURQWKHEDWWOHILHOG,QWKHVHVLWXDWLRQVSODVPD
DQ DTXHRXV VROXWLRQ RI SURWHLQ FORWWLQJ IDFWRUV JOXFRVH DQG HOHFWURO\WHV LV JLYHQ SULQFLSDOO\ WR
UHSODFH WKH YROXPHRIEORRG ORVW $EHWWHU VROXWLRQZRXOGEH WR DGPLQLVWHUDQ DOWHUQDWLYHSODVPD
VROXWLRQWKDWFRXOGDFWDVDYROXPHH[SDQGHUDQGUHSODFHWKHORVWYROXPHRIEORRGEXWFRXOGDOVRELQG
GHOLYHUDQGUHOHDVHR[\JHQ,QHIIHFWDPLQLPDOEORRGVXEVWLWXWHRUDUWLILFLDOEORRGSURGXFW7KHUH
KDYHEHHQQXPHURXVDWWHPSWVWRGHYHORSDUWLILFLDOEORRG LQFOXGLQJELRORJLFDOPHWKRGVWKDWXWLOL]H
FHOOIUHHKHPRJORELQDQGV\QWKHWLFPHWKRGVWKDWPLPLFWKHR[\JHQELQGLQJPHFKDQLVPDQGR[\JHQ
FDUU\LQJ FDSDFLW\ RI KHPRJORELQ  7KHVH LQFOXGH VLPSOH SRUSK\ULQ DQDORJXHV DV ZHOO DV
PDFURPROHFXODUV\VWHPVWKDWSRVVHVVSRUSK\ULQPRLHWLHVZLWKLQWKHLUVWUXFWXUHV+RZHYHUWKHPRVW
VXFFHVVIXOEORRGVXEVWLWXWHVZLWKUHVSHFWWRFOLQLFDO WULDOVDQGDSSOLFDWLRQDUHWKHSHUIOXRURFDUERQV
ZKLFKGRQRWPLPLF1DWXUH¶VR[\JHQELQGLQJPHFKDQLVP,QVWHDGSHUIOXRURFDUERQVWUDSDQGELQG
R[\JHQLQWKHQRQSRODUVSDFHVZLWKLQWKHLUDVVHPEOHGVWUXFWXUHV+RZHYHUSHUIOXRURFDUERQVDUHQRW
PLVFLEOHZLWKZDWHUDQGPXVWEHSUHSDUHGDVHPXOVLRQVEHIRUHXVHDVDEORRGVXEVWLWXWH,QDGGLWLRQ
WKHUHDUH PDMRUSUREOHPVDVVRFLDWHGZLWK WKHLU FOLQLFDOXVH /LPLWDWLRQV LQFOXGH LQVWDELOLW\RI WKH
HPXOVLRQV FRPSOLFDWHG UHJLPHV IRUSUHSDUDWLRQ VWRUDJH DQGXVH DQGH[FHVVLYHO\ ORQJKDOIOLYHV
ZKLFKFDQEHDVKLJKDV\HDUV45,WKDVDOVREHHQREVHUYHGWKDWDURXQGWZRWKLUGVRIWKHLQMHFWHG
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SHUIOXRURFDUERQEHFRPHVWUDSSHGZLWKLQWLVVXHPDLQO\ZLWKLQWKHOXQJV6,QDGGLWLRQWKHVSHFLILF
VXUIDFWDQWVXVHG WR VROXELOL]H WKHSHUIOXRURFDUERQV KDYH EHHQ DVVRFLDWHG ZLWK VHYHUH VLGH HIIHFWV
LQFOXGLQJP\DOJLDDQGIHYHU7DGHFUHDVHLQSODWHOHWFRXQW8DQGSRVVLEOHDQDSK\OD[LV9 
2XUSULQFLSOHDLPZDVWRGHYHORSDV\VWHPWKDWFRXOGRYHUFRPHWKHSUREOHPVRIXVLQJVPDOO
SHUIOXRURFRPSRXQGVWKDWQHFHVVLWDWHGWKHXVHRIHPXOVLRQV7RDFKLHYHWKLVZHGHFLGHGWRV\QWKHVL]H
DQGWHVWDVHULHVRI3(*SRO\IOXRURGLEORFNFRSRO\PHUVWKDWFRXOGIRUPPLFHOOHVLQDTXHRXVPHGLD
$VVXFKWKHVHOIDVVHPEOHGPLFHOODUVWUXFWXUHVZRXOGSRVVHVVDIOXRULQHULFKPLFHOODUFRUHWKDWFRXOG
GLVVROYH R[\JHQ OHDGLQJ WR DQ LQFUHDVHG R[\JHQ FRQFHQWUDWLRQ LQ ZDWHU $ QXPEHU RI IOXRULQH
FRQWDLQLQJ SRO\PHUV DQG GLEORFN SRO\PHUV KDYH EHHQ UHSRUWHG  7KHVH LQFOXGHG ZDWHUVROXEOH
SHQWDIOXRURSKHQ\O HQGFDSSHG 3(* SRO\PHUV10ZKRVH ORZHU FULWLFDO VROXWLRQ WHPSHUDWXUHV ZHUH
VHQVLWLYHWR WKHJDVHVGLVVROYHGZLWKLQ WKH VROXWLRQ ,QRWKHUZRUN IOXRULQHFRQWDLQLQJSRO\PHULF
PLFHOOHVZHUHVKRZQ WRKDYHGLVWLQFW&2 DQG2 UHVSRQVLYHQHVV LQDTXHRXVPHGLD1112+RZHYHU
OLWWOH ZRUN KDV EHHQ GLUHFWHG DW LQYHVWLJDWLQJ DQG TXDQWLI\LQJ WKHLU R[\JHQ ELQGLQJ DQG UHOHDVH
SURSHUWLHV 
 
5(68/76$1'',6&866,21 
7RDFKLHYHRXUDLPVZHUHTXLUHGDGLEORFNSRO\PHU WKDWZDVELRFRPSDWLEOHDQGFRQWDLQHGD FRUH
EORFN WKDWZDV ULFK LQ IOXRULQH 2XU SURWRW\SH GHVLJQZDV UHODWLYHO\ VLPSOH DQG ZRXOG LQFOXGH D
VROXELOL]LQJ3(*EORFNDVDPDFURLQLWLDWRUIRUDQ$753V\QWKHVLV131415LQYROYLQJDPRQRPHUULFKLQ
IOXRULQH7KHV\QWKHVLVLVVKRZQLQ6FKHPHDQGLQYROYHVWKHLQLWLDOIXQFWLRQDOL]DWLRQRI0H3(*
ZLWKĮ%URPRLVREXW\U\OEURPLGH%,%%WRJHQHUDWHWKHPDFURLQLWLDWRU7KLVZDVWKHQ
UHDFWHGZLWKYDULRXVDPRXQWVRI7ULIOXRURHWK\OPHWKDFU\ODWHLQWKHSUHVHQFHRI&X&ODQGWKH
OLJDQG111¶1¶¶1¶¶3HQWDPHWK\OGLHWK\OHQHWULDPLQH30'(7$WRJHQHUDWHDVHULHVRIIOXRULQDWHG
SRO\PHUV 3(*SRO\ WULIOXRURHWK\O PHWKDFU\ODWH3(*37)(0$ZLWKGLIIHUHQWGHJUHHVRI
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SRO\PHUL]DWLRQ'3 *3&XVLQJ5,GHWHFWLRQJHQHUDWHGFKURPDWRJUDPVWKDWVKRZHG DGHJUHHRI
ELPRGDOFKDUDFWHUDQGKLJKHUWKDQH[SHFWHGSRO\GLVSHUVLWLHV +RZHYHUWKLVLV W\SLFDORIGLEORFN
SRO\PHUVWKDWSRVVHVVSRO\PHUEORFNVZLWKYHU\GLIIHUHQWUHIUDFWLYHLQGLFHV16)RUH[DPSOH$UPHV
HWDODOVRUHSRUWHGELPRGDOSHDNVZKHQVWXG\LQJWKH*3&SURSHUWLHVRIDVHULHVRIIOXRURFRQWDLQLQJ
GLEORFNSRO\PHUV17,QRXUFDVHWKHUHIUDFWLYHLQGH[RIWKH37)(0$EORFNLVDQGWKLVLVPXFK
ORZHUWKDQWKHUHIUDFWLYHLQGH[RISRO\HWK\OHQHJO\FROZKLFKLV187KLVOHDGVWRDVLJQLILFDQW
XQGHUHVWLPDWLRQ RI WKH IOXRULQDWHG SRO\PHUV VLJQDO LQWHQVLW\ DQG DQ H[DJJHUDWLRQ RI WKH DSSDUHQW
FRQWDPLQDWLRQE\WKH3(*PDFURLQLWLDWRU 
 
6FKHPH  $753 V\QWKHVLV RI 3(*SRO\WULIOXRURHWK\O PHWKDFU\ODWH SRO\PHUV 3(*
37)(0$ 
 
7KH*3&GDWDIRURXUSRO\PHUVLVVKRZQLQ7DEOH+105XVLQJGHXWHUDWHGFKORURIRUPDV
WKHVROYHQWFRQILUPHGWKDWWKHWDUJHWHG'3KDGEHHQDFKLHYHGE\FRPSDULQJWKHLQWHJUDWLRQYDOXHRI
WKH3(*SHDNVDWSSPZLWKWKH&+DQG&+SHDNVDWSSPDQGSSPUHVSHFWLYHO\
:KHQWKH+105VSHFWUXPRIWKHSRO\PHUVZDVUHSHDWHGLQGHXWHUDWHGZDWHUDYHU\GLIIHUHQWVHULHV
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RIVSHFWUDZDVREWDLQHG,QWKHVHDTXHRXVVROXWLRQVDQGDWWKHFRQFHQWUDWLRQVVWXGLHGî0DOO
ZHFRXOGREVHUYHZHUHWKHSHDNVFRUUHVSRQGLQJWRWKH3(*SURWRQV7KLVLVW\SLFDOEHKDYLRUIRU3(*
EDVHGPLFHOODUVWUXFWXUHVDQGLQGLFDWHVDJJUHJDWLRQRIWKHGLEORFNSRO\PHUDQGFRQJHVWLRQZLWKLQWKH
FRUH 7KLVFRQJHVWLRQUHVWULFWV DQGVORZVGRZQDQ\ IUHHPRWLRQURWDWLRQRIWKH IOXRURPRQRPHUV
UHVXOWLQJLQFRDOHVFHQFHZLWKUHVSHFWWRWKH105WLPHVFDOH1920$VLPLODUUHVXOWZDVREVHUYHGIRU
WKH)105ZKHUHDVWURQJSHDNDWSSPRFFXUUHGLQ&'&OEXWRQO\DYHU\ZHDNVLJQDOZDV
YLVLEOHLQWKH'2VSHFWUXPDWSSPî0LQERWKVROYHQWV 
Table 1:  Molecular weight (GPC/NMR), DP and aggregation data for 3(*37)(0$ polymers. 
$JJUHJDWLRQDQGPLFHOODWLRQZHUHFRQILUPHGDQGTXDQWLILHGWKURXJKFULWLFDOPLFHOOHFRQFHQWUDWLRQ
&0&H[SHULPHQWV 7KHVHZHUHSHUIRUPHGXVLQJD IL[HGFRQFHQWUDWLRQRIS\UHQH DQGPHDVXULQJ
FKDQJHVLQHPLVVLRQLQWHQVLW\ZLWKUHVSHFWWRLQFUHDVHGSRO\PHUFRQFHQWUDWLRQV213ORWVRISRO\PHU
FRQFHQWUDWLRQYVFKDQJHVLQS\UHQHHPLVVLRQZHUHXVHGWRREWDLQWKH&0&YDOXHV7DEOHZKLFK
UDQJHGIURPWRPJP/DQGDUHW\SLFDORI WKRVHUHSRUWHGIRU3(*EDVHGSRO\PHULF
PLFHOOHV2223 '\QDPLF OLJKW VFDWWHULQJ H[SHULPHQWV ZHUH SHUIRUPHG DERYH DQG EHORZ WKH &0&
:KLOVWQRVLJQLILFDQWSHDNVFRXOGEHGHWHFWHGEHORZWKH&0&VROYDWHGSDUWLFOHVZLWKDQDYHUDJHVL]H
RIQPZHUHREVHUYHGZKHQWKHPHDVXUHPHQWVZHUHWDNHQDWDFRQFHQWUDWLRQDERYHWKH&0&
 PJP/  7KH IRUPDWLRQ RI PLFHOOHV ZDV FRQILUPHG E\ PLFURVFRS\ 7(0 ZKLFK VKRZHG
VSKHULFDOSDUWLFOHVZLWKGLDPHWHUVDURXQGQP)LJXUH 
&RSRO\PHU 7DUJHWHG'3 
$FWXDO
'3 0Q105 0Q*3& 3', 
&0&
PJPO 
3(*37)(0$       
3(*37)(0$       
3(*37)(0$       
3(*37)(0$       
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2[\JHQLQFRUSRUDWLRQZDVLQLWLDOO\VWXGLHGXVLQJ)105ZKLFKFDQEHXVHGWRSUREHZKHUH
R[\JHQELQGVZLWKLQWKHPLFHOOH246SHFLILFDOO\)105ZDVXVHGWRLQYHVWLJDWHDQ\HIIHFWRQWKH
FKHPLFDOVKLIWRIWKHIOXRULQHJURXSVRI3(*37)(0$LQWKHSUHVHQFHDQGDEVHQFHRIR[\JHQ
7RVRPHH[WHQW WKLVZDVGLIILFXOW DV WKH KLJKO\ UHVWULFWHG PRELOLW\ ZLWKLQ WKHDJJUHJDWHGPLFHOOH
UHVXOWVLQVWURQJGLSRODUFRXSOLQJOHDGLQJWRDVLJQLILFDQWDWWHQXDWLRQRIWKH)105VLJQDOLQ'2
GLVFXVVHGDERYH1HYHUWKHOHVVLWZDVVWLOOSRVVLEOHWRREVHUYHDVPDOOSHDNDWSSPLQWKH
GHJDVVHGVDPSOH$IWHUEXEEOLQJR[\JHQWKURXJKWKHVDPHVROXWLRQDVPDOOEXWUHFRUGDEOHVKLIWRI
WKHIOXRULQHSHDNWRSSPZDVREVHUYHG7KLVUHSUHVHQWVDVKLIWRISSPZKLFKLVVLPLODUWR
WKHVKLIWVREVHUYHGIRUSHUIOXRURHPXOVLRQVXQGHUVLPLODUDTXHRXVFRQGLWLRQV$OWKRXJKWKLVPHWKRG
ZDVTXDOLWDWLYHLWGLGSURYLGHVRPHLQLWLDOHQFRXUDJHPHQWWKDWWKHR[\JHQFDQEHHQFDSVXODWHGELQG
ZLWKLQWKHIOXRULQHFRUHEORFNRIWKHSRO\PHULFPLFHOOH 
 
Figure 1:  DLS trace for PEG-PTFEMA-25 and TEM (insert). 
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Figure 2:  Oxygen release curves at various concentrations for PEG-PTFEMA-25.   
7RREWDLQVXSSRUWWKDWLVPRUHFRQFOXVLYHIRUR[\JHQELQGLQJZHXVHGDFRPPHUFLDOGLVVROYHG
R[\JHQPHWHUWRGHWHUPLQHWKHFRQFHQWUDWLRQRIR[\JHQGLVVROYHGLQDQDTXHRXVVROXWLRQ7KLVLVDQ
HOHFWURFKHPLFDOWHFKQLTXHDQGFDQRQO\PHDVXUHWKHDPRXQWRIR[\JHQGLVVROYHGZLWKLQEXONZDWHU25
$GLVVROYHGR[\JHQSUREHPHWHUFDQQRWGLUHFWO\PHDVXUHRUGHWHFWDQ\R[\JHQGLVVROYHGZLWKLQRWKHU
VSHFLHVVXFKDVDPLFHOOH +RZHYHU LIZHVDWXUDWHDPLFHOODUVROXWLRQZLWKSXUHR[\JHQZHFDQ
PHDVXUH WKH UDWH WKDW R[\JHQ LQ WKH VROXWLRQ HTXLOLEUDWHV ZLWK WKH DLU ZKHUH WKH FRQFHQWUDWLRQ RI
R[\JHQLVPXFKORZHUDURXQGLQDLU7KLVUDWHFDQWKHQEHFRPSDUHGZLWKDVLPSOHDTXHRXV
VROXWLRQWKDWGRHVQRWFRQWDLQPLFHOOH$Q\GLIIHUHQFHVLQUDWHZLOOEHUHODWHGWR WKHR[\JHQERXQG
ZLWKLQWKHPLFHOOHZKLFKFDQRQO\EHUHOHDVHGZKHQWKHR[\JHQGLVVROYHGLQWKHVDWXUDWHGDTXHRXV
VROXWLRQUHWXUQVWRWKHDWPRVSKHUH7KLVLVDQHVWDEOLVKHGPHWKRGDQGKDVSUHYLRXVO\EHHQXVHGWR
PHDVXUH R[\JHQ FRQWHQW DQG UHOHDVH IURP SHUIOXRUR V\VWHPV 26DQG IOXRURSRO\PHUV 27 7KH
PHDVXUHPHQWVZHUHFDUULHGRXWXVLQJVROXWLRQVRIWKHPLFHOOHDWYDULRXVFRQFHQWUDWLRQV7KHVHZHUH
Onset of turbidity 
Time/mins 
Commented [LT2]: Y axis title added 
 8 
VWLUUHGYLJRURXVO\LQYLDOVDQGSXUHR[\JHQEXEEOHGWKURXJKWKHVROXWLRQIRURQHPLQXWHXQWLOWKH
GLVVROYHGR[\JHQFRQFHQWUDWLRQKDGUHDFKHGWKHVDWXUDWLRQOHYHORIPJ/7KHYLDOVZHUHWKHQ
RSHQHGDQGWKHR[\JHQFRQWHQWFRQWLQXRXVO\PRQLWRUHGRYHUWLPH$OOH[SHULPHQWVZHUHFDUULHGRXW
XVLQJWKHVDPHYROXPHRIZDWHUDQGDWWKHVDPHWHPSHUDWXUH&7KHR[\JHQUHOHDVHIURPZDWHU
DORQJZLWKDUHSUHVHQWDWLYHSORWIRU3(*37)(0$DUHVKRZQLQ)LJXUH 
Table 2:  Oxygen release rates and half-lives for the 3(*37)(0$ polymers. 
,QLWLDOO\WKHUHOHDVHRIR[\JHQIURPDVDWXUDWHGDTXHRXVVROXWLRQZDVVWXGLHGQRSRO\PHUDW
ż&7KHUDWHRIUHOHDVHDQGWKHKDOIOLIHZDVFDOFXODWHGIURPDSORWRIR[\JHQFRQFHQWUDWLRQYVWLPH
ZKLFKFRXOGEHILWWHGWRDILUVWRUGHUGHFD\)LJXUH$VHFRQGFRQWUROZDVDOVRFDUULHGRXWXVLQJMXVW
WKH3(*FRPSRQHQWLQZDWHU7KHUHOHDVHRIR[\JHQIURPWKH3(*VROXWLRQZDVLQGLVWLQJXLVKDEOHWR
WKH DTXHRXV FRQWURO SURGXFLQJ DQ LGHQWLFDO SORW DQG NLQHWLF GDWD   7KLV FRQILUPHG WKDW DW WKH
FRQFHQWUDWLRQVWXGLHGPJP/WKH3(*FRPSRQHQWKDGQRSRVLWLYHHIIHFWRQWKHVROXELOL]DWLRQRI
R[\JHQ ZKLFK LV FRQVLVWHQW ZLWK SUHYLRXV VWXGLHV RQ WKH R[\JHQ VROXELOL]DWLRQ ZLWKLQ 3(*
VROXWLRQV28+DYLQJHVWDEOLVKHGWKHFRQWUROVDQGEDVHOLQHOHYHOVWKHH[SHULPHQWZDVUHSHDWHGXVLQJ
WKH3(*37)(0$GLEORFNFRSRO\PHUVDWYDULRXVFRQFHQWUDWLRQV7KHVROXELOLW\RIWKHSRO\PHUVZDV
UHODWLYHO\SRRUDQGGHSHQGHQWRQWKHOHQJWKRIWKHIOXRUREORFNZKLFKOLPLWHGWKHDPRXQWRISRO\PHU
 
3RO\PHU6\VWHP 
 
&RQFHQWUDWLRQ
PJP/ 
5DWHRI2UHOHDVH±
îPJP/PLQ +DOIOLIHPLQV 
:DWHUQRSRO\PHU    
3(*37)(0$    
3(*37)(0$    
3(*37)(0$    
3(*37)(0$    
3(*37)(0$    
3(*37)(0$    
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WKDWFRXOGEHXVHG)RUH[DPSOHDOWKRXJK3(*37)(0$ZDVWKHPRVWVROXEOHLWZDVKDUGWR
VROXELOL]HDWFRQFHQWUDWLRQVDERYHPJP/7KHODUJHU3(*37)(0$VDPSOHZDVWKHOHDVW
VROXEOHDQGZDVRQO\VROXEOHDWFRQFHQWUDWLRQVEHORZPJP/3(*37)(0$VROXWLRQVFRXOG
EHPDGHWRDPD[LPXPVROXELOLW\RIPJP/EXWRYHUWLPHDFRORUOHVVSUHFLSLWDWLRQZDVQRWLFHG
$V DUHVXOW WKH VROXWLRQEHFDPH WXUELGGXULQJ WKHR[\JHQ UHOHDVH H[SHULPHQWV ZKLFK OLPLWHG WKH
UHOLDEOHGDWDWKDWFRXOGEHFROOHFWHGVHH)LJXUH3UHFLSLWDWLRQZDVDOVRREVHUYHGE\RWKHUVZKHQ
VWXG\LQJ VLPLODU SRO\PHUV ZKHUH SKDVH FKDQJHV RFFXUUHG LQ WKH SUHVHQFH RI R[\JHQ
1HYHUWKHOHVV GHVSLWH WKH SUHFLSLWDWLRQ RI 3(*37)(0$ DW WKH KLJKHU FRQFHQWUDWLRQ  ZKLFK
OLPLWHGWKHDPRXQWRIGDWDWKDWFRXOGEHFROOHFWHGLWGRHVLQGLFDWHJRRGR[\JHQUHWHQWLRQVROXELOLW\
IRUWKHVHSRO\PHUVDWWKHKLJKHVWFRQFHQWUDWLRQVWXGLHGFRUUHVSRQGLQJWRWKHKLJKHVWFRQFHQWUDWLRQ
RIIOXRULQH)RUDOOVROXWLRQVWKHFKDQJHLQR[\JHQFRQFHQWUDWLRQZDVSORWWHGZLWKUHVSHFWWRWLPH
DQGWKHGDWDILWWHGWRDILUVWRUGHUGHFD\297KHUDWHRIR[\JHQUHOHDVHDORQJZLWKWKHKDOIOLYHVIRUDOO
VROXEOHSRO\PHUVLVVKRZQLQ7DEOH7KHJUDSKVDQGNLQHWLFGDWDIURPWKHSRO\PHUVROXWLRQVFOHDUO\
VKRZ WKDWR[\JHQ LVUHOHDVHGPRUHVORZO\ZKHQFRPSDUHGWR WKHUDWHRIR[\JHQUHOHDVHIURPWKH
VLPSOHDTXHRXVVROXWLRQQRSRO\PHU7KLVFRQILUPVWKDWR[\JHQKDVEHHQUHWDLQHGZLWKLQWKHPLFHOOH
DQGLVRQO\UHOHDVHGLQWRWKHDTXHRXVSKDVHZKHQLWFDQUHSODFHWKHGLVVROYHGR[\JHQDVLWUHWXUQVWR
WKHDWPRVSKHUH7KHSURFHVVFRQWLQXHVXQWLOWKHHTXLOLEULXPSRVLWLRQLVUHDFKHGZKLFKRFFXUVDWDQ
R[\JHQFRQFHUWDWLRQDURXQGPJ/DWż&30$WWKHKLJKHUFRQFHQWUDWLRQVORQJHUKDOIOLYHVDQG
VORZHUUDWHVRIR[\JHQUHOHDVHZHUHREVHUYHG)RUH[DPSOH3(*37)(0$DWDFRQFHQWUDWLRQ
RIPJP/KDGDKDOIOLIHWKDWZDVGRXEOHWKHYDOXHUHFRUGHGDWPJP/,IZHFRQVLGHUDOO
SRO\PHUVDWHDFKFRQFHQWUDWLRQZHREVHUYHWKDWKDOIOLYHVDQGUDWHVRIUHOHDVHDUHGHSHQGHQWRQWKH
OHQJWKRISRO\IOXRUREORFN)RUH[DPSOHDWDFRQFHQWUDWLRQRIPJP/3(*37)(0$KDG
WKHORQJHVWKDOIOLIHDQGVORZHVWUDWHRIUHOHDVH2YHUDOOLWLVFOHDUWKDWWKHDELOLW\WRGLVVROYHELQG
R[\JHQLVGLUHFWO\UHODWHGWRWKHDPRXQWRIIOXRULQHLQVROXWLRQ 
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In a further effort to establish and quantify oxygen binding, we attempted to measure the oxygen 
concentration using an enzyme-based method.  The method was originally developed by Ghosh 31  
and subsequently refined for Marrucho.32 This method is based on the oxidation of glucose by 
molecular oxygen, and is catalyzed by glucose oxidase. Although developed to measure glucose 
concentration in the presence of excess oxygen, the method has been adapted to measure the 
concentration of molecular oxygen when glucose is the excess reactant.  The reactions are 
stoichiometric with respect to glucose and oxygen and can be used to measure the oxygen content in 
solution.  The method is well established and the reagents are available in the form of a glucose assay 
kit (purchased from Sigma±Aldrich). As with the published procedures,31,32 air was used instead of 
oxygen as there is no significant difference in solubility and it simplifies the experimental procedure.  
Scheme 2:  Enzyme mediated reaction used to estimate oxygen concentrations in water.  
Reactions performed using excess glucose.  Insert shows; (A) the dark precipitate that 
initially forms within the polymer solution after the oxidation reaction and (B) 
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The assay were performed at ż& and the reactions are shown in Scheme 2.  At this temperature, 
the solubility of oxygen in water is around 6.0 mg/L.   As such, a glucose concentration of 55 Pg/mL 
was used (equivalent to 10 mg/L of oxygen) as this was found to be optimum with respect to the 
experimental conditions. 33  The reaction was initially performed in just water to give a good 
baseline/control reading.  However, when the assay was repeated using a 5 mg/mL aqueous solution 
of PEG-PTFEMA-25, a colored precipitate formed, which precluded an accurate determination of 
absorption and prevented us from making a comparison with the baseline/control reading.  However, 
filtering or centrifuging the solution resulted in absorptions that were lower than those recorded for 
water.  We assumed that the dye was bound or trapped on the precipitate, reducing its concentration 
in the water. This assumption proved correct, as over time, the precipitate settled and the solution¶s 
color became more intense as the dye was released.  Solutions (baseline/control and polymer) were 
therefore left to settle for 12 hours before filtering (see insert, Scheme 2).  The UV spectrum of the 
two solutions recorded and the absorption intensity at 535 nm compared.  The result indicates that 
the polymer solution has an absorption that is higher than the similarly treated aqueous solution 
(without polymer), Figure 3.  Comparing the intensities of the two peaks, we can estimate a minimum 
oxygen concentration that is 33% higher than that determined for water alone.  This increase in 
absorption intensity corresponds to an oxygen concentration of around 8-9 mg/L at 37 °C.34  Although 
precipitation caused problems, the enzyme method qualitatively supports the results obtained from 
the NMR and dissolved oxygen experiments.  Taking all of the results together, we can conclude that 
the polyfluoro micelles can increase the concentration of oxygen within water.    
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Figure 3:  UV results from enzyme assay.  The data shows a stronger absorption for the PEG-
PTFEMA-25 solution, indicating a higher oxygen concentration. 
 
&21&/86,216 
7KH DLP RI WKLV ZRUN ZDV WR V\QWKHVL]H DQG WHVW WKH R[\JHQ ELQGLQJ SRWHQWLDO RI D SRO\IOXRUR
DPSKLSKLOLFPLFHOOH 7KHV\QWKHVLV LQYROYHGDQ$753SURFHVVDQGZDVUHODWLYHO\VWUDLJKWIRUZDUG
8VLQJWKLVPHWKRGZHZHUHDEOHWRREWDLQDVHULHVRISRO\PHUVSRVVHVVLQJD3(*EORFNDQG
YDULRXV IOXRULQDWHG EORFNV ZLWK GHJUHHV RI SRO\PHUL]DWLRQ HTXDO WR    DQG  :LWK WKH
H[FHSWLRQRIWKHSRO\PHUZLWKWKHODUJHVWIOXRUREORFNDOOSRO\PHUVZHUHVROXEOHLQZDWHU$WDJLYHQ
FRQFHQWUDWLRQWKHVROXELOLW\ZDVLQYHUVHO\SURSRUWLRQDOWRWKHOHQJWKRIWKHIOXRUREORFN$OORIWKH
VROXEOHSRO\PHUVVHOIDVVHPEOHGLQWRPLFHOODUVWUXFWXUHVZLWK&0&YDOXHVDURXQG[PJP/
'/6LQGLFDWHGWKDWWKHDJJUHJDWHVKDGDVROYDWHGGLDPHWHURIQP0LFHOODUVWUXFWXUHVZHUH
FRQILUPHGE\PLFURVFRS\ZKLFKVKRZHGWKDWPLFHOODUVWUXFWXUHVZLWKDGLDPHWHURIQPKDG
IRUPHG7KHDJJUHJDWHVIRUPHGZHUHDEOHWRELQGR[\JHQDVGHPRQVWUDWHGE\R[\JHQUHOHDVHNLQHWLFV
IURPDQR[\JHQVDWXUDWHGDTXHRXVVROXWLRQ7KHUDWHVRIR[\JHQUHOHDVHDQGKHQFHR[\JHQELQGLQJ
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Commented [LT3]: a.u. deleted from Y axis. 
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ZHUH GHSHQGHQW RQ WKH DPRXQW RI IOXRULQH SUHVHQW ZLWK KLJKHU FRQFHQWUDWLRQV DQGRU SRO\PHUV
SRVVHVVLQJPRUHIOXRULQHUHWDLQLQJR[\JHQWKHORQJHVW7KLVZDVVXSSRUWHGE\TXDOLWDWLYH)105
GDWDLQ'2ZKLFKVKRZHGDQXSILHOGVKLIWRIWKHIOXRULQHUHVRQDQFHLQWKHSUHVHQFHRIR[\JHQ$V
ZHOODVVXSSRUWLQJR[\JHQELQGLQJWKLVH[SHULPHQWDOVRLQGLFDWHVWKDWWKHR[\JHQKDVERXQGZLWKLQ
WKHSRO\IOXRURFRUHRIWKHPLFHOOH,QDGGLWLRQWKHXVHRIDQHQ]\PHDVVD\LQGLFDWHGWKDWWKHSRO\PHU
FRXOG GLVVROYH  PRUH R[\JHQ WKDQ ZDWHU DORQH  +RZHYHU VLJQLILFDQW ORVV RI G\H GXULQJ WKH
SUHFLSLWDWLRQPHDQWWKDWWKHFRQFHQWUDWLRQRIGLVVROYHGR[\JHQFRXOGEHKLJKHU7DNLQJWKHVHUHVXOWV
WRJHWKHUZHFDQFRQFOXGH WKDWDJJUHJDWHVRIVLPSOH IOXRULQHFRQWDLQLQJDPSKLSKLOLFSRO\PHUVFDQ
LQFUHDVHWKHFRQFHQWUDWLRQRIR[\JHQZLWKLQDQDTXHRXVVROXWLRQ$VVXFKWKHVHSRO\PHUVRUUHODWHG
V\VWHPVKDYHWKHSRWHQWLDO WREHDSSOLHGDVDVLPSOHDUWLILFLDOEORRGSURGXFW $OWKRXJKWKH\ZLOO
QHYHU EH DEOH WR UHSURGXFH DOO RI WKH IXQFWLRQV RI EORRG WKH\ PD\ EH DEOH WR RIIHU D VLJQLILFDQW
DGYDQWDJHRYHUVWDQGDUGSODVPDVROXWLRQVZKRVHSULPDU\IXQFWLRQLVWRUHSODFHWKHYROXPHRIEORRG
ORVWGXULQJEOHHGLQJLQDQHPHUJHQF\RUGLVDVWHUVLWXDWLRQ,QDGGLWLRQWRUHSODFLQJORVWYROXPHWKHVH
RUUHODWHGSRO\PHUVZLOODOVREHDEOHWRWUDQVSRUWDQGGHOLYHUR[\JHQ:RUNLVSURJUHVVLQJZLWKLQ
RXU ODERUDWRU\ WR H[SORLW WKH R[\JHQ ELQGLQJ SURSHUWLHV RI WKHVH DQG UHODWHGSRO\PHUV IRUXVH LQ
PHGLFDODQGUHODWHGDSSOLFDWLRQV 
 
$&.12:/('*0(176 
 
:HWKDQNWKH8QLYHUVLW\RI6KHIILHOGIRUSURYLGLQJIXQGLQJVFKRODUVKLS0)DQG.LQJ6DXG%LQ
$EGXOD]L]8QLYHUVLW\IRU+HDOWK6FLHQFHVIRUDVFKRODUVKLS7$ 
 
 
6833257,1*,1)250$7,21 
 
6\QWKHWLF GHWDLOV FKDUDFWHUL]DWLRQ GDWD H[SHULPHQWDO SURFHGXUHV UHSUHVHQWDWLYH 105 VSHFWUD
UHSUHVHQWDWLYH*3&WUDFHUHSUHVHQWDWLYH&0&SORWDQGDGGLWLRQDOR[\JHQUHOHDVHSORWV 
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